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© An N-containing heterocyclic compound of the formula: 
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wherein FT is lower alkyi optionally substituted with hydroxy, halogen or a heterocyciic group, carboxy, esterified 

carboxy, carbamoyl optionally substituted with heterocyciic(lower)alkyi or lower alkylamino(lower)alkyi, N-contain- 

ing heterocyciiccarbonyl optionally substituted with lower alkyi, or ureido optionally substituted with lower 

aikylamino(Iower)alkyl, and 

FP is hydrogen or halogen; 

R 2 is phenyl substituted with nitro, and 

X is = N-or 



in which R 4 is lower alkyi or halo (lower) alkyi, or is taken together with R 1 to form an N-containing heterocyclic 
group optionally substituted with oxo and lower alkylamino(lower)alkyf; or 
R 2 is lower alkyi, and 
Xis 



in which R 4 is phenyl substituted with nitro; 

and a pharmaceuticaliy acceptable salt thereof, processes for the preparation thereof and composition compris- 
ing the same. 
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N-CONTAINING HETEROCYCLIC COMPOUNDS. PROCESSES FOR THE PREPARATION THEREOF AND 

COMPOSITION COMPRISING THE SAME 

This invention relates to new N-containing heterocyclic compounds. More particularly, this invention 
reiates to new N-containing heterocyciic compounds and their salts which are useful in the treatment of 
hypertension, cardiovascular and cerebrovascular diseases in human beings and animals, to processes for 
the preparation thereof and to pharmaceutical compositions comprising the same as an active ingredient. 

The N-containing heterocyclic compounds of this invention are represented by the following general 
formula [I] : 
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wherein R 1 is lower alkyl optionally substituted with hydroxy, halogen or a heterocyciic group, carboxy, 
esterified carboxy, carbamoyl optionally substituted with heterocyciic(lower)alkyl or lower alkylamino(lower)- 
alkyl, N-containing heterocycliccarbonyi" optionally substituted with lower alkyl, or ureido optionally substi- 
tuted with lower alkylamino(lower)alkyi t and 
R 3 is hydrogen or halogen; 
R 2 is phenyl substituted with nitro, and 



X is =N- or =C- 

in which R 4 is lower alkyl or halo<lower)alkyl, or is taken together with R 1 to form an N-containing 
heterocyclic group optionally substituted with oxo and lower alky lam ino(fower)aikyi; or 
R 2 is lower alkyl, and 

X is =C- , 
JL4 



40 in which R 4 is phenyl substituted with nitro. 

The object compound [I] or its salt can be prepared by processes as illustrated in the following reaction 
schemes. 
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or its salt • or its galt 
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Process 4 



HOOC 




.6/ 



NH [V] 



or its salt 



■» R 



\ 
6/ 



NOG 




CIC] 

or its reactive 
derivative at the 
carboxy group or 
a salt thereof 



[Ie] 
or its salt 



Process 5 



HOOC 




(i) azidation 

— 7 ► 

(ii) P^ NH [vt] 

8 

R or its salt 




[Ic] 
or its salt 



[If] 
or its salt 



Process 6 




[Id] 
or its salt 



[ig] 
or its salt 
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35 

or its salt 



[Ij] 

or its salt 



Process 9 



45 




55 



[Ik] 
•or its salt 



CIA] 
or its salt 
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Process 10 



70 



Y-CH 




R 13 "-NH 2 [VI] 
or its salt 




75 



20 



25 



30 



[Im] 



or its salt or its salt 

wherein R s and R 6 are each hydrogen, lower alkyiamino(lower)afkyl or a heterocyclic(lower)alkyl, or R 5 
and R s are taken together with the nitrogen atom to which they attach to form an N-containing heterocyclic 
group which may be substituted with lower alkyl, 
R 7 and R B are each hydrogen or lower aIkylamino(iower)alkyi, 

R 9 and R 10 are taken together with the nitrogen atom to which they attach to form a heterocyclic group, 
R n is lower alkylamino(lower)aikyi, Ra. is esterified carboxy, 
R b 



is carboxy or esterified carboxy, 

is ureido optionally substituted with lower aikyiamino(lower)alkyl, 

is lower alkyl optionally substituted with hydroxy, halogen or a heterocyclic group, carboxy, esterified 
carboxy, carbamoyl optionally substituted with heterocyclic(lower)aikyl or lower alkylamino(lower)alkyl, N- 
containing heterocycliccarbonyl optionally substituted with lower alkyl, or ureido optionally substituted with 
lower aikylamino(lower)alkyl, 
R a, is phenyl substituted with nitro, 
Ra is lower alkyl, 
A is lower alkylene, 
Q is halogen, 



35 X' is =N- or =C- 



40 



in which R % is lower alkyl, halo(Iower)alky! or phenyl substituted with nitro, 



Y is a leaving group, and R\ R 2 , R 3 , R 4 and X are each as defined above. 

Particulars of the various definitions mentioned in this specification and preferred examples thereof are 
explained in the following. 

45 The term "lower" used in this specification is intended to mean a group having I to 6 carbon atoms and 
preferably I to 4 carbon atoms, unless otherwise provided. 

Suitable "lower alkyl" may be straight or branched one such as methyl, ethyl, propyl, isopropyf, butyl, 
tert-butyl, pentyl, hexyl or the like. 

Preferable examples of "lower alkyl substituted with hydroxy" may be hydroxymethyi, hydroxyethyl, 
so hydroxypropyl or the like. 

Suitable "halogen" may be fluorine, chlorine, bromine or iodine. 

Preferable examples of "lower alkyl substituted with halogen" may be chloromethyl, difluoromethyl, 
bromomethyl, 2-chloroethyl, 2-bromoethyl or the like. 

Suitable "heterocyclic group" may be saturated 5 or 6 membered or N-and S-, or N-and 0- 
55 containing heterocyclic group such as piperidyl, piperazinyl, morpholinyl, thiomorpholinyl, pyrrolidinyl, 
imidazolidinyl, pyrazolidinyl, oxazoiidinyi or the like, which may be substituted with aforesaid lower alkyl 
etc.. 
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Preferable examples of "lower alky! substituted with a heterocyclic group" may bemorphoiinomethyl, 
morpholinoethyl, thiomorpholinomethyl, thiomorphoiinoethyi, piperazinyimethyl, methyl substituted 
piperazinyimethyl, or the like. 

Suitable ester moiety in the term "esterified carboxy" may include lower alkyi ester [e.g. methyl ester, 
ethyl ester, propyl ester, isopropy! ester, butyl ester, tert-butyl ester, pentyl ester, hexyl ester, etc.], mono - 
(or di or tri)halo(lower)aikyi ester [e.g. iodoethyi ester, dichloroethyl ester, trichloroethyl ester, trifluoromethyi 
ester, etc.], hydroxy(lower)alkyi ester [e.g. hydroxymethyl ester, hydroxyethyl ester, hydroxypropyl ester, 
hydroxybutyi ester, etc.], ar(lower)aikyl ester [e.g. benzyl ester, 4-nitrobenzyl ester, trityi ester, etc.], alkenyl 
ester [e.g. vinyl ester, ally! ester, etc.] and the like. 

Preferable examples of "esterified carboxy" may be lower alkoxycarbonyl [e.g. methoxycarbonyl, 
ethoxycarbonyl, propoxycarbonyi, isopropoxycarbonyl, butoxycarbonyl, tert-butoxycarbonyl, pentyloxycar- 
bonyi, hexyfoxycarbonyi, etc.] or the like. 

Suitable "heterocyciic(lower)alkyl" may be the above-mentioned "lower alkyl substituted with a 
heterocyclic group", or the like. 

Preferable examples of "carbamoyl substituted with heterocyclic(lower)aikyl" may be mor- 
pholinomethylcarbamoyl, morphoiinoethylcarbamoyl, thiomorpholinomethyicarbamoyl, thiomorphoiinoethyi- 
carbamoyl, methyl substituted piperazinyiethylcarbamoyl, or the like. 

Suitable "lower alkyiamino(lower)alkyi group" may be mono(lower aikyl)amino(lower)alkyl [e.g. 
methylaminomethyl, ethyiaminomethyl, isopropylaminomethyl, 2-methyiaminoethyl, 3-methylaminopropyi, 3- 
methylaminobutyl, etc.], di(lower aikyi)amino(lower)aikyi [e.g. dimethylaminomethyl, dimethyiaminoethyi, 2- 
(N-methyl-N-ethylamino)ethyl, etc.] or the like. 

Preferable examples of "carbamoyl substituted with lower alkyiamino(lower)alkyl" may be N- 
(methylaminomethyi)carbamoyi, N-(dimethylaminomethyl)carbamoy{, N-(2-dimethyiaminoethyl)carbamoyl t 
N-<2-diethylaminoethyl)carbamoyl, N-[3-(N-methyl-N-ethylamino)propyl]carbamoyl, or the like. 

Suitable "N-containing heterocycliccarbonyi" may be saturated 5 or 6 membered N-, or N-and S-, or N- 
and O-containing heterocyciic-carbonyi such as l-pyrrolidinylcarbonyi, i-imidazoiidinylcarbonyl, 
piperidinocarbonyi, 1-piperazinylcarbonyl, morpholinocarbonyl, thiomorphoiinocarbonyl or the like. 

The above "N-containing heterocycliccarbonyi" may optionally be substituted with a lower alkyl group 
as exemplified before. 

Preferable examples of "N-containing heterocycliccarbonyi substituted with lower alkyl" may be 3- 
methyipiperidinocarbonyl, 4-methyipiperidinocarbonyi, 4-methylpiperazin-i-yicarbonyl, 2-ethyimorpholinocar- 
bonyl, 2-isopropyithiomorpholin-4-ylcarbonyl, or the like. 

Preferable examples of "ureido substituted with lower alkylamino(lower)alkyl" may be 3- 
(methyiaminomethyi)ureido, 3-(dimethylaminomethyi)ureido, 3-(dimethylaminoethyl)ureido, 3- 
(diethyiaminoethyl)ureido, 3-{N-methyl-N-ethylaminopropyi)ureido or the like. 

Suitable n halo(!ower)alkyi" may be the abovementioned lower alkyl substituted with halogen, or the like. 

Suitable "N-containing heterocyclic group" formed by linkage of R 1 and R 4 may be saturated 5-or 6- 
membered heteromonocyciic group containing I or 2 nitrogen atom(s), for example, pyrroiidinyl, im- 
idazoiidinyl, piperidyl, piperazinyl or the like. 

The above N-containing heterocyclic group may optionally be substituted with oxo and the abovemen- 
tioned lower alkylamino(lower)alkyl. 

Preferable examples of "N-containing heterocyclic group substituted with oxo and lower aikyiamino- 
(lower)alkyl" may be represented by the following formula; 



in which R 11 is as defined above. 

Suitable "lower aikylene" may be a straight or branched one such as methylene, ethylene, trimethylene, 
methylethylene, tetramethylene, ethyiethylene, propylene, pentamethylene, hexamethyiene or the like. 

Suitable "leaving group" may be an acid residue such as halogen [e.g. chlorine, bromine, fluorine and 
iodine], sulfonyioxy [e.g. mesyloxy, tosyioxy, phenylsulfonyioxy, etc.] or the like. 

Suitable salts of the object compound [I] are conventional non-toxic pharmaceutically acceptable salts 
and may include a metal salt such as an alkali metal salt [e.g. sodium salt, potassium salt, etc.] and an 
alkaline earth metal salt [e.g. calcium salt, magnesium salt, etc.], an ammonium salt, an organic base salt 
[e.g. trimethylamine salt, triethyiamine salt, pyridine salt, picoline salt, dicyciohexyiamine salt, N,N'- 
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dibenzylethylenediarnine salt, etc.], an organic acid salt [e.g. formate, acetate, fumarate, trifluoroacetate, 
maieate, tartrate, rnethanesulfonate, benzenesulfonate, toluenesulfonate, etc.], an inorganic acid salt [e.g. 
hydrochloride, hydrobromide, sulfate, phosphate, etc.], a salt with an amino acid [e.g. arginine salt, ornithine 
salt, etc.], and the like. 

5 The processes for preparing the object compounds of the present invention are explained in more detail 
in the following. 



Process I 

70 

The object compound [I] or its salt can be prepared by oxidizing a compound [If] or its salt. 

Suitable salts of the compound [II] may be the same as those exemplified for the compound [I]. 

The oxidation reaction can be carried out by a conventional method which is applied for the 
transformation of anN-containing heterocyclic base to an aromatized N-containing heterocyclic compound, 
T5 for example, by using an oxidizing agent such as manganese dioxide, lead tetraacetate, mercuric acetate, 
halogen [e.g. iodine, bromine, etc.], oxygen, hydrogen peroxide, nickel peroxide, sulfur powder, 2,3- 
dichioro-5,6-dicyano-l,4-benzoquinone, potassium permanganate, or the like. 

The present reaction is usually carried out in a conventional solvent such as chloroform, methylene 
chloride, benzene, toluene, pyridine, ethyl acetate.acetone, or any other organic solvent which does not 
zo adversely affect the reaction. 

The reaction temperature is not critical and the reaction is preferably carried out at ambient temperature 
or under warming to heating. 



25 Process 2 

The object compound [la] or its salt can be prepared by reacting a compound [HI] with a compound - 
[IV] or its salt. 

Suitable salts of the compounds [ia] and [IV] may be the same as those exemplified for the compound - 

30 [II 

The reaction can be carried out at ambient temperature or under warming to heating. The reaction can 
typically be conducted in the presence of a solvent such as aromatic solvent [e.g. benzene, toluene, xylene, 
etc.], halogenated hydrocarbon solvent [e.g. chloroform, carbon tetrachloride, methylene chloride, ethylene 
chloride, etc.], alcohol solvent [e.g. methanol, ethanol, propyl alcohol, isopropyl alcohol, butanol, etc.] or the 
35 like. 

The reaction can optionally be accelerated in the presence of an acid [e.g. acetic acid, etc.], a base - 
[e.g. pyridine, picoline, etc.] and the like. 



40 Process 3 

The compound [ic] or its salt can be prepared by subjecting a compound [lb] or its salt to 
deesterification reaction. 

Suitable salts of the compound [lb] may be an acid addition salt as exemplified for the compound [I]. 
45 Suitable salts of the compound [c] may be the same as those exemplified for the compound [I]. 

Deesterification reaction is carried out in a conventional manner which is conventionally applied to a 
cleavage of a so-called ester bond into the carboxy function, and is preferably carried out, for example, by a 
basic hydrolysis, i.e. in the presence of a base such as an alkali metal hydroxide, carbonate or bicarbonate 
[e.g. sodium hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate, sodium bicarbonate, 
so etc.] or by an acidic hydrolysis in the presence of an inorganic acid [e.g. hydrochloric acid, sulfuric acid, 
etc.] or an organic acid [e.g. formic acid, acetic acid, trifiuoroacetic acid, p-toluenesulfonic acid, etc.], or an 
acidic ion-exchange resin.. 

- The reaction may preferably be carried out in a suitable conventional solvent such as water, acetone, 
alcohol [e.g. methanol, ethanol, etc.], N,N-dimethylformamide, or a mixture thereof, or the like. 
55 The reaction temperature is not critical, and the reaction is usually carried out at ambient temperature 
or under warming to heating. 
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Process 4 

The object compound [le] or its salt can be prepared by reacting a compound [Ic] or its reactive 
derivative at the carboxy group or a salt thereof with a compound [V] or its salt. 
5 Suitable salts of the compound [Ic] may be the same as those exemplified for the compound [I]. 

Suitable salts of the compounds [ie] and [V] may be acid addition salt as exemplified for the compound 

BI- 
AS suitable said reactive derivatives at the carboxy group, there may be mentioned acid haiides, acid 
anhydrides, active amides and esters. Suitable examples are acid haiides such as acid chloride and acid 

w bromide, mixed acid anhydrides with various acids [e.g. substituted phosphoric acid such as dialkyi 
phosphoric acid, sulfuric acid, aliphatic carboxyiic acid, aromatic carboxylic acid, etc.], symmetric acid 
anhydrides, active amides with various imidazoles, and esters such as lower alkyi ester [e.g. methyl ester, 
ethyl ester, etc.], cyanomethyi ester, methoxymethyl ester, p-nitrophenyi ester, 2,4-dinitrophenyl ester, 
pentachlorophenyl ester, phenylazophenyl ester, carboxymethylthio ester and N-hydroxysuccinimide ester. 

75 The reaction is usually carried out in a conventional solvent, such as methylene chloride, chloroform, 
alcohol [e.g. methanol, ethanol, etc.], benzene, toluene, pyridine, diethyl ether, dioxane, tetrahydrofuran, 
acetone, acetonitriie, ethyl acetate, N,N-dimethylformamide or any other organic solvent which does not 
adversely affect the reaction. In case that the compound [V] is liquid, it can also be used as a solvent. In 
case that the compound [Ic] is used in the free acid form or salt form, it is preferable to carry out the 

20 reaction in the presence of a conventional condensing agent such as N,N'-dicyciohexylcarbodiimide, 
phosphoryl chloride, phosphorus trichloride, thionyl chloride, oxafyl chloride, lower aikyl haloformate [e.g. 
ethyl chloroformate, isopropyi chloroformate, etc.], so-called Vilsmeier reagent prepared by the reaction of 
N,N-dimethylformamide with thionyl chloride, phosgene, trichloromethyl chloroformate, phosphoryl chloride, 
etc., or the like. 

25 The reaction temperature is not critical and the reaction can be carried out under cooling, at ambient 
temperature, or under heating. 

This reaction can typically be conducted in the presence or absence of an accelerator such as base. 
Suitable base may include a tertiary amine [e.g. triethylamine, pyridine, N,N-dimethylaniline, etc.], an 
alkali metal hydroxide [e.g. sodium hydroxide, potassium hydroxide, etc.], an alkali metal carbonate [e.g. 
30 sodium carbonate, potassium carbonate, etc.], alkali metal bicarbonate [e.g. sodium bicarbonate, etc.], a salt 
of an organic acid [e.g. sodium acetate, etc.] and the like. In case that the base is liquid, the base can be 
used as a solvent. 



35 Process 5 

The compound [If] or its salt can be prepared by subjecting a compound [Ic] or its salt to azidation 
reaction and then reacting the resultant product with a compound [V] or its salt. 

Suitable salts of the compounds [If] and [V'] may be an acid addition salt as exemplified for the 
40 . compound [!]. 



(i) The first step: 

The reaction of this step can be carried out by reacting a compound [Ic] or its salt with an azide 
compound such as sodium azide, diphenylphosphoryi azide or the like under warming to heating. 

The reaction can be carried out in the presence of a solvent such as benzene, toluene, acetone, 
dioxane, diethyl ether or any other solvent which does not adversely influence the reaction. This reaction 
can optionally be accelerated in the presence of a base as exemplified in the Process 4. 

The reaction product of the first step is an isocyanate having the following formula [VII] and it can be 
subjected to the following second step with or without isolation and/or purification. 



55 
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5 




[wherein R 2 , R 3 and X' are each as defined above] 



(ii) The second step: 

The isocyanate compound [VII] or its salt obtained in the first step is then reacted with a compound - 
[V'] of its salt to give a compound [If] or its sail. 

Suitable salts of the isocyanate compound [Vfl] may be an acid addition salt as exemplified for the 
compound [I]. 

The reaction can be conducted in similar manners to those described in the Process 4 by referring to 
the reaction temperature, solvent and accelerator. 



Process 6 

The compound [Ig] or its salt can be prepared by reducing a compound [id] or its salt. 

Suitable salts of the compounds [Id] and [Ig] may be the same as those exemplified for the compound - 

[I]. 

The reduction can be carried out by a conventional method, for instance, by chemical reduction using a 
reducing agent. 

Preferred examples of the reducing agents to be used in the chemical reduction may include lithium 
aluminum hydride, diisobutyl aluminum hydride, diborane, sodium borohydride and the like. 

The reaction is usually carried out in a solvent such as water, diethyl ether, alcohol [e.g. methanol, 
ethanol, etc.], tetrahydrofuran, toluene, methylene chloride, or any other solvent which does not adversely 
affect the reaction, or a mixture thereof. 

The reaction temperature is not critical, and the reaction is preferably carried out under cooling, at 
ambient temperature or under warming. 



Process 7 

40 

The object compound [li] or its salt can be prepared by halogenating a compound [Ih] or its salt. 

Suitable salts of the compound [Ih] may be the same as those exemplified for the compound [I]. 

Suitable salts of the compound [li] may be an acid addition salt as exemplified for the compound [1], 

Suitable examples of the halogenating agent to be used in this process may include a conventional 
45 ones such as phosphorus oxyhalide [e.g. phosphorus oxybromide, phosphorus oxychioride, etc.], phos- 
phorus pentahalide [e.g. phosphorus pentabromide, phosphorus pentachloride, phosphorus pentafluoride, 
etc.], phosphorus trihaiide [e.g. phosphorus tribromide, phosphorus trichloride, phosphorus trifluoride, etc.], 
thionyl halide [e.g. thionyl chloride, thionyl bromide, etc.], triphenylphosphine dihalide [e.g. triphenyl- 
phosphine dichioride, triphenylphosphine dibromide, etc.], or the like. 
50 This reaction is usually carried out in a conventional solvent such as methylene chloride, chloroform, 
carbon tetrachloride, benzene, tetrahydrofuran, dimethylformarnide, dimethyl sulfoxide or any other organic 
solvent which does not adversely influence the reaction or a mixture thereof, in case that the halogenating 
agent is liquid, if can be used as a solvent 

The reaction temperature is not critical, and the reaction can be carried out under cooling to heating. 
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Process 8 

The object compound [Ij] or its salt can be prepared by reacting a compound [li'] or its salt with a 
compound [V"] or its salt. 

s Suitable salts of the compounds [li'l [Ij] and [V n ] may be an acid addition salt as exemplified for the 
compound [I]. 

This reaction is usually carried out in a conventional solvent such as water, an alcohol [e.g. methanol, 
ethanol, isopropyi alcohol, etc.], dioxane, tetrahydrofuran T N,N-dimethylformamide, methylene chloride, 
chloroform, tetrachloromethane, or any other conventional solvent which does not adversely affect this 
io reaction, or a mixture thereof. 

The reaction is carried out at ambient temperature, under warming or under heating, although the 
reaction temperature is not critical. 

This reaction can also be conducted in the presence of an inorganic base, for example an alkali metal 
hydroxide such as sodium hydroxide or potassium hydroxide, or an alkali metal carbonate or hydrogen 
is carbonate such as sodium carbonate, potassium carbonate, sodium hydrogen carbonate or potassium 
hydrogen carbonate, or in the presence of an organic base, for example, a tertiary amine such as 
triethyiamine, pyridine or N,N-dimethylaniline. 

This reaction can also be performed in the presence of an alkali metal halide such as sodium iodide or 
potassium iodide. 

20 

Process 9 

The object compound [IX] or its salt can be prepared by halogenating a compound [ik] or its salt 
25 Suitable salts of the compounds [Ik] and [II] may be the same as those exemplified for the compound - 
PL 

This haiogenation reaction is carried out in the presence of halogenating agent such as halogen [e.g. 
chlorine, bromine, etc.], N-halosuccinimide [e.g. N-bromosuccinimide, N-chiorosuccinimide, etc.], <*> 
tribromoacetophenone, trichloromethanesulfonyl chloride, trichloromethanesulfonyi bromide, aluminum chlo- 
30 ride, aluminum bromide, or the like. 

In case that N-haiosuccinimide is used as halogenating agent, this reaction is preferably carried out in 
the presence of benzoyl peroxide. 

The reaction is usually carried out in a conventional solvent such as tetrachloromethane, benzene, 
acetic acid, tetrahydrofuran, or the like. 
35 The reaction temperature 4s not critical, and the reaction is usually carried out under cooling to heating. 



Process 10 

40 The object compound [Im] or its salt can be prepared by reacting a compound [II'] or its salt with a 
compound [VI] or its salt. 

Suitable salts of the compound [U'] may be the same as those exemplified for the compound [I]. 

Suitable salts of the compounds [Im] and [VI] may be an acid addition salt as exemplified for the 
compound [I]. 

45 This reaction can be carried out in substantially the same manner as that of Process 8, and therefore 
the reaction mode and reaction conditions of this reaction can be referred to those as explained in Process 
8. . 

Among the starting compounds in the above processes, some of them are new and can be prepared by 
processes as illustrated in the following reaction schemes. 

so 
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Process A 



70 



75 



CHO 




R" 



COCH. 



CH=CHCOh^ ^ 



20 



25 



[VIII] 



Process B 



[IX] 



[Ilia] 



30 



35 



NO- + R 1 -CH 0 -R 1 

Cm SL £m Si 



Step a 




b °3^ 

c=c * 



40 



CX] 



[XI] 



[XII] 
or its salt 



^ Decarboxylation I -]4- — N0 2 

Step b C=CH-R^ 

/ 
H 2 N 

50 [IVa] 

or its salt 
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Process C 




Process D [XV] 




[XV] m [Ha] 

or its salt 



Process E 




[III] [IV] [lib] 

or its salt or its salt 

wherein R\ R 2 , R 3 , R 4 and R 1 are each as defined above. 

The processes for preparing the starting compounds are explained in detail in the following. 
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Process A 

The compound [Ilia] can be prepared by reacting a compound [VIII] with a compound [IX]. 
The reaction can be conducted according to a similar manner to that of the synthesis of some of the 
s compound [la] as stated above (Process 2). Therefore, some of the compound [la] or its salt can also be 
prepared by reacting a compound [IV] or its salt with a compound [VIII] and a compound [IX] in one batch. 



Process B 

TO 

Step a 

The compound [XII] or its salt can be prepared by reacting a compound [X] with a compound [XI]. 

Suitable salts of the compound [XII] may be an acid addition salt as exemplified for the compound [I]. 
15 This reaction is usually carried out in a solvent such as dioxane, tetrahydrofuran, benzene, chloroform, 
methylene chloride, N,N-dimethyIformamide or any other organic solvent which does not adversely 
influence the reaction. 

Further, this reaction can be carried out in the presence of a base such as an alkali metal [e.g. sodium, 
potassium, etc.]. an alkaline earth metal [e.g. magnesium, calcium, etc.], the hydride or hydroxide thereof, 

20 alkali metal aikoxide [e.g. sodium methoxide, sodium ethoxide, potassium tert-butoxide, etc.], trialkylamine - 
[e.g. trimethylamine, triethyiamine, etc.], picoline, l,5«diazabicycio[4.3.0]non-5-ene, I t 4-diazabicyclo-[2.2.2]- 
octane, l,8-dia2abicyclo[5.4.0]undec-7-ene, etc. or in the presence of a Lewis acid such as aluminum haiide 
[e.g. aluminum chloride, aluminum bromide, etc.], boron trihalide [e.g. boron trichloride, boron trifluoride, 
etc.], zinc haiide [e.g. zinc chloride, etc.], stannic haiide [e.g. stannic chloride, etc.], titanium haiide [e.g. 

25 titanium tetrachloride, etc.] or the like, protonic acids such as hydrogen haiide [e.g. hydrogen fluoride, etc.], 
sulfuric acid, polyphosphoric acid, etc.. 

The reaction temperature is not critical and the reaction is usually carried out under cooling to heating. 

Step b 

The compound [IVa] or its salt can be prepared by subjecting a compound [XII] or its salt to 
decarboxylation reaction. 

Suitable salts of the compound [IVa] may be the same as those exemplified for the compound [XII]. 

35 This reaction is usually carried out in a conventional solvent such as water, an alcohol [e.g. methanol, 
ethanol, isopropyl alcohol, etc.], dioxane, tetrahydrofuran, N,N<iimethyIformamide, methylene chloride, 
chloroform, tetrachioromethane, or any other conventional solvent which does not adversely affect this 
reaction, or a mixture thereof. 

The reaction is usually carried out under heating, although the reaction temperature is not critical. 

40 This reaction can also be conducted in the presence of an inorganic base, for example an alkali metal 
hydroxide such as sodium hydroxide or potassium hydroxide, or an alkali metal carbonate or hydrogen 
carbonate such as sodium carbonate, potassium carbonate, sodium hydrogen carbonate or potassium 
hydrogen carbonate, or in the presence of an organic base, for example a tertiary amine such as 
triethyiamine, pyridine or N,N-dimethyianiiine. 

45 

Process C 
Step a 

* so 

The compound [XIV] can be prepared by reacting a compound [Ilia] with a compdund pail]. 
The reaction can typically be conducted in the presence of a base in a conventional solvent as 
exemplified in the Process 2 at ambient temperature or under warming to heating. 

Suitable base may include an organic amine such as triethyiamine, pyridine, piperidine, N,N- 
55 dimethylaniiine or the like. 
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The reaction product [XIV] of the first step can be subjected to the following step b with or without 
isolation and/or purification. 



s Step b 

The compound [XV] can be prepared by treating the compound [XIV] with a base (step b-i) followed by 
reaction with ozone (step b-ii). 



(Step b-i) 

Suitable base may include an alkali metal hydroxide, carbonate or bicarbonate [e.g. sodium hydroxide, 
potassium hydroxide, sodium carbonate, potassium carbonate, sodium bicarbonate, etc.], an alkali metal 
alkoxide [e.g. sodium methoxide, sodium ethoxide, etc.], butyl lithium, ammonia and the like. 

The reaction of the compound [XIV] and a base can typically be conducted in a conventional solvent as 
exemplified in the Process 2 under ice cooling to warming. 

The reaction product of this step (step b-i) is a nitronate salt having the following formula [XVI] and it is 
subjected to the following step (step b-ii) with or without isolation and/or purification. 



30 



35 



40 




[XVI] 



(wherein R 3 and are each as defined above and X® is an alkali metal ion or ammonium ion), 
(step b-ii) 

The resultant product of the above step (step b-i) is treated with ozone in a conventional solvent as 
described in the above step (step b-i) to give a compound [XV]. 

The reaction is typically conducted by passing ozone gas into the reaction mixture containing the 
compound [XVI] under cooling preferably below -70 °C. 

45 

Process D 

The compound [Ha] or its salt can be prepared by reacting a compound [XV] with hydrazine or its salt 
so - Preferable examples of "hydrazine or its salt" may include hydrazine anhydrous, hydrazine hydrate, 
hydrazine dihydrochloride, hydrazine iodide, hyrazine sulfate, hydrazine tartrate and the like. 

This reaction can be carried out in substantially the same manner as that of Process g, and therefore 
the reaction mode and reaction conditions of this reaction can be referred to those as explained in Process 
2. 

55 
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Process E 

The object compound [lib] or its salt can be prepared by reacting a compound [ill] with a compound 
[IV] or its salt 

This reaction can be carried out in substantially the same manner as that of Process 2, and therefore 
the reaction mode and reaction conditions of this reaction can be referred to those as explained in Process 
2. 

These reaction conditions stated in the above Processes may vary according to the kinds of reactants, 
solvents and/or other agents. 

The compounds obtained by the above Processes can be separated and isolated from the reaction 
mixture and purified by methods commonly used for this purpose, for instance, extraction with suitable 
solvent, column chromatography, reprecipitation, recrystallization and so on. 

it is to be noted that each of the object compound [I] and the starting compounds may include one or 
more stereoisomers due to asymmetric carbon atom(s) and/or carbon and carbon double bond [i.e. Z- 
isomer and E-isomer], and ail of such isomers and a mixture thereof are included within the scope of this 
invention. 

The N-containing heterocyclic compounds [1] and and their salts of this invention have been found to be 
useful in the treatment of cerebrovascular diseases such as cerebral apoplexy [e.g. cerebral hemorrhage, 
cerebral infarction, transient cerebral ischemic attack] or the like. 

The object compound [I] and their salts of this invention can be used in a form of a conventional 
pharmaceutical preparation, for example, in solid, semisolid or liquid form, which contains an active 
substance of this invention in admixture with an organic or inorganic carrier or excipient suitable for 
external, oral or parenteral applications. The active ingredient may be compounded, for example, with the 
usual non-toxic, pharmaceuticaiiy acceptable carriers for tablets, pellets, capsules, patch, suppositories, 
solutions, emulsions, suspensions, and any other form suitable for use. The carriers which can be used are 
water, glucose, lactose, gum acacia, gelatin, mannitoi, starch paste, magnesium trisilicate, talc, corn starch, 
keratin, colloidal silica, potato starch, urea and other carriers suitable for use in manufacturing preparations, 
in solid, semisolid, or liquid form, and in addition auxiliary, stabilizing thickening and coloring agents and 
perfumes may be used. The pharmaceutical compositions can also contain preservative or bacteriostatic 
agents to keep the active ingredient in the desired preparations stable in activity. The active object 
compound is included in the pharmaceutical composition in the amount sufficient to produce the desired 
therapeutic effect upon the process of condition of diseases. 

While a dosage, or therapeutically effective amount of the object compound [I] of this invention varies 
according to the age and conditions of each individual patient to be treated, a daily dose of about 0.1- 
lOOmg/kg, preferably I to 50 mg/kg of the active ingredient may be generally given for treating diseases. 

The pharmaceutical compositions of this invention comprises, as an active ingredient, the compound [I] 
or its salt in an amount of about 0.01 mg to about 500 mg, per dosage unit for oral and parenteral use. 

For the purpose of showing utility of the object compound [I], pharmacological test data thereof are 
illustrated in the following. 



17 



0 228 845 





.2HC1 

Test !. Effect on lipid peroxide production jn rat brain mitochondria 
Method: 

Brain mitochondria from male Wistar rat was incubated with 100 uM ascorbic acid, 20 uM FeS0 4 and 
test drug for 1 hr at 37° C. Maiondialdehyde formed in the incubation mixture was measured by the 
thiobarbituric acid method according to Shimada et a! (Biochem. Biophys. Acta, 489; 163-172, 1977) 

Results: 
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Compounds 


Inhibition % 
at 10~ 4 g/ml 


at 10~ 5 g/ml 


Example 8 


** 

75.3 


40.1 


Example 9-(l) 




** 

71.3 



75 ** : P <0.01 compared with control 

The compounds listed in the table inhibited significantly the malondialdehyde formation in rat brain 
mitochondria at the dose of IQ-*g/rni. 



20 Test 2. Effect on survival time of mice subjected to anoxia (100% N,) 
Method: 

A pair of male ICR mice with the same age was maintained in a close glass chamber in which 
25 circulated a current of nitrogen gas, and measured survival time. 

One mouse was pretreated intraperitonealiy with the test compound, and another with the vehicle 30 
min. before the experiment. 



30 Result: 



Compounds 


n 


Survival time (sec) 


Control 10 mg/kg 


Control 32 mg/kg 


Example 8 


20 


31.5+1.1 34.3±1.0 


31.0±1.3 36.0±1.1** 


Example 13- (2) 


5 


26.6±0.7 30.2±2.2 


27.0+1.3 37.4+2.2** 


Example 20 


5 


27.2±1.1 28.4±1.7 


28.4±1.0 37.4±2.0** 



5Q ** s P <0.01 compared with control 

The following Preparations and Examples are given for the purpose of illustrating this invention. 

55 
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70 



75 



30 



35 



45 



Preparation i 

A mixture of 3-<3-nitrophenyl)-i~phenyi-2-propen~{-one (0.5 g), ethyl nitroacetate (0.29 g), piperidine (3 
drops), dioxane (5 ml) and ethanol (5 ml) was refluxed for 2 hours. After allowing to cooling at ambient 
temperature, the reaction mixture was evaporated in vacuo. The residue was subjected to a column 
chromatography on silica gel (50 ml) ©luting with benzene. The fractions containing the object compound 
were combined and concentrated under reduced pressure to give ethyl 2-nitro-3-(3-nitropheny!)-5-oxo-5- 
phenyipentanoate (0.15 g). 



mp : 78-82 °C (recrystallized from ethanol) 
IB. (Nujol) : 1750, 1683, 1565, 1538 cm" 1 
NMR (CDC1 3 , S) s 1 ' 12 (t ' J =7Hz) } 3H 

1.26 (t, J=7Hz) 
3.5-4.8 (2H, m) , 

so 4.12 (q, J=7Hz) 2h 

4.27 (q, J=7H2) 

4.4-4.8 (1H, m) , 

5.57 (d, J=6Hz), 
25 } 1H, 

5.66 (d, J=6Hz) 

7.25-8.3 (9H, m) 



Preparation 2 



To a solution of ethyl 2-nitro-3-(3-nitrophenyi)-5oxo-5-phenylpentanoate (2 g) in a mixture of methanol - 
(30 ml) and methylene chloride (30 ml) was added sodium methoxide (0.28 g) and stirred for 10 minutes at - 
20°C to give the nitronate salt The reaction mixture was then cooled to -6G°C, and a stream of ozone- 
oxygen was passed through until the reaction mixture was light blue. 

After 30 minutes, the reaction mixture was purged with a nitrogen stream to remove excess ozone, and 
was then treated with I ml of dimethyl sulfide at -60 °C and slowly allowed to come to room temperature. 
4Q Then the reaction mixture was poured into a mixture of methylene chloride (50 ml) and water (50 mi) with 
stirring. The organic layer was separated, washed with saturated brine, dried over magnesium sulfate and 
evaporated in vacuo. The residue was recrystallized from ethanol to give ethyl 2,5-dioxo-3-(3-nitrophenyI)-5- 
phenyipentanoate (1.57 g). 
mp : 70-7l°C 

IR (Nujol) : 1733, 1685, 1535 cm- 1 

NMI (CDCI 3l 5) : 1.37 (3H, t, J=*7Hz). 3.2-4.1 (2H, m), 4.30 (2H t q, J = 7Hz), 5.1-5.4 (IH, m), 7.3-8.3 (9H, m) 
Mass : 356 (M + I) 



Preparation 3 

To a mixture of dimethyl malonate (100 g) and 3-nitrobenzonitrile (112 g) in 1,2-dichloroethane (500 mi) 
was added stannic chloride (177 g) at once with a syringe and refluxed for I hour with stirring. The white 
precipitates were collected by filtration, dissolved in a mixture of acetone (2 I) arid water (2 l) and adjusted 
to pH 9.0 with 20% aqueous sodium hydroxide. The resulting white solid was filtered off, and the filtrate was 
extracted with methylene chloride (2 I). The extract was washed with saturated aqueous sodium chloride, 
dried over magnesium sulfate and evaporated in vacuo. The resulting precipitates were recrystallized from a 
mixture of diethyl ether and methylene chloride to give dimethyl (a-amino-3-nitrobenzylidene)maionate - 
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(139.5 g). 
mp : 113-115° C 

!R (Nujol) : 3350, 3175, 1670 cm" 1 

NMR (CDC! 3 , S) : 3.38 (3H, s), 3.78 (3H, s), 7.6-7.8 (2H, m), 8.2-8.4 (2H, m) 
5 Mass : 280 (M+) 



Preparation 4 

io A mixture of dimethyl (a-amino-3-nitrobenzylidene)maionate (120 g) and potassium hydroxide in a 
mixture of methanol (1.2 I) and water(I20 ml) was refluxed for B hours. The reaction mixture was 
concentrated under reduced pressure to a volume of 200 ml. The resulting crystals were collected by 
filtration and recrystallized from methanol to give methyl 3-amino~3-(3-nitrophenyi)acryiate (50.2 g). 
mp : 97-99 °C 

76 IR (Nujol) : 3500, 3325, 1680, 1660, 1615 cnr 1 

NMR (CDC! 3 , 5) : 3.74 (3H, s), 5.02 (IH, s). 6.1-6.9 (2H, br), 7.5-8.5 (4H, m) 

Mass: 222 (M+) 

Elemental analysis : CioHwNjO* 

Calcd. : C 54.05, H 4.54, N 12.61 

20 Found : C 54.16, H 4.27, N 12.61 



Preparation 5 

25 A mixture of 3-(3-nitrophenyl)-l-phenyl-2-propen-l-one (2 g), ethyl 3-aminocrotonate (1.2 g) and n-butanol 
(20 ml) was refluxed for 6 hours. After allowing to cool at ambient temperature, the reaction mixture was 
evaporated in vacuo. The residue was subjected to a column chromatography on silica gel (150 mi) eiuting 
with a mixture of benzene and ethyl acetate (30:1 V/V). The fractions containing the object compound were 
combined and concentrated under reduced pressure to give ethyl l,4-dihydro-2-methyl-4-(3-nitrophenyl)-6- 

30 phenyl-3-pyridinecarboxylate (0.6 g). 



35 



40 



mp : 141-142 °C (recrystallized from diisopropyl 

ether) 

IR (Nujol) : 3375, 1675, 1638 cm"" 1 

NMR (CDC1 3 , 6) : 1.15 (3H, t, J«8Hz) , 

2.43 (3H, a), 4.05 (2H, q, J=8Hz) , 

4.83 (1H, d, J=5.5Hz), 5.12 (d, J«5..5Hz) t ltT 

j In/ 

« 5.15 (d, J=5.5Hz) 

5,80 (1H, br) , 7.2-8.2 (9H, m) 
Mass : 364 (M + ) 
^ Elemental analysis : C 2l H 20 N 2°4 

Calcd. : C 69.22, H 5,53, N 7.69 
Found : C 69.19, H 5.44, N 7.59 

55 
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20 



30 



Preparation 6 

The following compounds were obtained according to a similar manner to that of Preparation 5. 

(I) Ethyl 6-(4-chlorophenyl)-l,4-dihydro-2-methyl-4-(3-nitrophenyI)-3-pyridinecarboxyiate (3.1 g) was 
obtained from l*(4-chlorophenyl)-3-(3-nitrophenyi)-2-propen-l-one (40 g). 



mp : 130-131 P C 

IE (Nujol) : 3350, 1665, 1635 cm"" 1 



NMR (CDC1 3 , 6) : 1.13 (3H, t, J=7Hz) , 2.42 (3H, s) , 
4.02 (2H, q, J=*7Hz) , 4.80 (IH, d, J«5.5Hz), 
5.10 (d, *-5.5H«) } 5-30 br 

5.12 (d, J=5.5Hz) 

7.30 (4H, s) , 7.40 (IH, dd, J=9Hz, 9Hz), 
7*63 (1H, ddd, J=9H2 , 2Kz , 2Hz) , 
8.00 .(IH, ddd, J=9Hz, 2Hz, 2Hz) , 
8.15 (1H, dd, J-2H2, 2Hz) 
Mass : 398, 400 (M + ) 
Elemental analysis : C 2i H ig ciN 2°4 

Calcd. : C 63.24, H 4.80, N 7.02, a8.89 
Found : C 63.47, H 4.77, N 7.09, OL9.21 
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(2) Ethyl l,4-dihydro-2-methyl-4-(4-nitrophenyl)-6-phenyl-3-pyridinecarboxylate (28.0 g) was obtained 
from 3-(4-nitrophenyi)-l-phenyl-2-propen-l-one (40 g). 
mp : 109-II0°C 

m (Nujol) : 3330, 1640, 1608, 1515, 1350 cm*' 

NMR (CDCI 3< 5) : 1.13 (3H t t, J=7Hz), 2.41 (3H t s), 4.0 (2H, q, J = 7Hz), 4.78 (IH, d. J=6Hz), 5.07 (IH, d, 
J~6Hz) 7.33 (5H, s), 7.42 and 8.1 (total 4H, ABq t J = 9Hz) 
Mass : 364 <M+) 



Preparation 7 

A mixture of ethyl 2,5-dioxo-3-(3-nitrophenyi)-5-phenyipentanoate (1.5 g) and hydrazine monohydrate - 
(0.24 g) In ethanol (30 ml) was refluxed for 5.5 hours. After evaporating the solvent in vacuo, the residue 
was subjected to a column chromatography on silica gel (100 ml) eluting with a mixture of benzene and 
ethyl acetate (50:1 V7V). The fractions containing the object compound were combined and concentrated 
under reduced pressure to give ethyl l,4-dihydro-4-(3-nitrophenyl)-6-phenyi-3-pyridazinecarboxylate (0.52 

g). 



50 
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mp : 133-134°C 

-1 

IR (Nujol) : 3300, 1710, 1535 cm 

NMH (CDC1 3 , 6) : 1.30 (3H, t, J=7Hz) , 4*25 (2H, q f 
J=7Hz) , 4.95 (IH, d, J-6HZ), 5.19 (d, J=6Hz) " 

5.21 (d, J=6Hz) 
7.3-7.85 (7H, m) , 7.95-8.25 (3H, m) 

Mass : 351 (M + ) 

Example 1 

A mixture of methyl 3-amino-3-(3-nitrophenyl)acrylate (45 g) and l-phenyf-2-buten-i-one (44 g) in n- 
butanol (450 ml) was refluxed for 4 hours. After allowing to cool at ambient temperature, the reaction 
mixture was evaporated in vacuo. The residue was subjected to a column chromatography on silica gel (500 
g) eluting with benzene. The fractions containing the object compound were combined and concentrated 
under reduced pressure to give methyl 4-methyl-2-(3-nitrophenyl)-6-phenyl-3-pyridinecarboxyiate (4.10 g). 
mp : IQ5-I06°C (recrystallized from ethanol) 
IR (Nujol) : 1685 cm*- 1 

NMR (CDC!,, 5) : 2.52 (3H, s). 3.76 (3H, s), 7.4-7.75 (4H, m), 7.66 (IH, s), 7.9-8.4 (4H, m), 8.55-8.65 (IH. m) 

Mass : 348 (M + ) 

Elemental analysis : CwH^NaO* 

Calcd. : C 68.96, H 4.63, N 8.04 

Found : C 69.15, H 4.42, N 8.01 



Example 2 

To a solution of ethyl l,4-dihydro-2-memyl-^(3-nitrophenyl)-6-pheny^3-pyridinecarboxylate (0.5 g) in 
chloroform (5 ml) was added activated manganese dioxide (2 g) and the mixture was refluxed for I hour with 
stirring vigorously. After allowing to cool to ambient temperature, manganese dioxide was filtered off and 
the filtrate was evaporated in vacuo. The residual precipitates were recrystallized from ethanol, washed with 
ethanol and dried in vacuo to give ethyl 2-methyi-4-(3-nitrophenyl)-6-phenyl-3-pyridinecarboxyiate (0.25 g) 
mp : IIO-rli2°C 

IR (Nujol) : 1720, 1595, 1360 cnrr 1 

NMR (CDCI 3 , 5) : 1.10 (3H, t, J = 7Hz), 2.73 (3H, s), 4.17 (2H, q, J = 7Hz), 7.2-8.3 (I0H, m) 

Mass : 362 (M + ) 

Elemental analysis : C 2 ,H lt N 2 0* 

Calcd. : C 69.60, H 5.00, N 7.73 

Found : C 69.90, H 4.97, N 7.48 



Example 3 

The following compounds were obtained according to a similar manner to that of Example 2. 

(1) Ethyl 2-methyl-4-(4-nitrophenyl)-6-phenyl-3-pyridinecarboxylate 
mp : 120-122° C 

IR (Nujol) : 1722. 1583, 1550, 1522, 1352 cm- 1 

NMR (CDCi,. 5) : 1.06 (3H, t, J=7Hz), 2.73 <3H, s), 4.15 (2H, q, J*7Hz), 7.35-7.73 (6H, m), 7.95-8.4 (4H, m) 
Mass : 362 (M + ) 

(2) Ethyl 6-(4-chlorophenyl)-2-methyl-4-(3-nitrophenyl)-3-pyridinecarboxylate 
mp : 128-130° C 

IR (Nujol) : 1725, 1590, 1540, 1358 cnrr' 

NMR (CDCI* 5) : I JO (3H, t, J*7Hz), 2.73 (3H, s). 4.17 (2H, q, J = 7Hz), 7.43 and 7.97 (total' 4H, ABq, 
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J = 9Hz), 7.50 (IH, s), 7.55-7.85 (2H, m), 8.15-8.40 (2H, m) 
Mass : 396, 398 (M + ) 



5 Example 4 

To a solution of ethyl i,4-dihydro-4-(3-nitroph8nyi)-6-phenyl-3-pyrida2inecarboxyiate (0.4 g) in chlo- 
roform (6 ml) was added activated manganese dioxide (2 g) and the mixture was refluxed for 30 minutes 
with stirring vigorously. After allowing to cool to ambient temperature, manganese dioxide was filtered off. 
w The filtrate was evaporated in vacuo, and the residual precipitate was recrystallized from diethyl ether. The 
crystal was collected by filtration, washed with diethyl ether and dried in vacuo to give ethyl 4-(3- 
nitrophenyi)-6-phenyl-3-pyridazinecarboxylate (0.2 g). 
mp : !2M22°C 
IR (Nujol) : I738, 1530 cm- 1 

75 NMR (CDCI 3 ; 5) : 1.30 (3H, t, J = 7Hz), 4.38 (2H, q, J = 7Hz), 7.4-7.8 (5H, m), 7.88 (IH, s), 8.0-8.4 (4H, m) 



Example 5 

20 A mixture of ethyl 2-methyl-4-(3-nitrophenyl)-6-phenyi-3-pyridinecarboxylate (4.6 g), aqueous potassium 
hydroxide (1.07 g in 200 ml water) and ethanol (92 ml) was refluxed for 6 hours. After allowing to cool to 
ambient temperature, the reaction mixture was washed with ethyl acetate (150 mi x 2). The separated 
aqueous layer was adjusted to pH 3.0 with 10% hydrochloric acid. To this mixture was added acetic acid (40 
ml) and stirred for 30 minutes under ice cooling. The resulting precipitates were collected by filtration, 

25 washed with water and dried in vacuo to give 2-methyI-4-(3-nitrophenyl)-6-phenyl-3-pyridinecarboxylic acid - 
(1.98 g). 

mp : 274-276 °C (dec.) 
IR (Nujoi) : 1710, 1600 cm" 1 

NMR (CF 3 COOD, 5) : 3.20 (3H, s), 7.5-8.1 (8H, rri), 8.23 (IH, s), 8.3-8.6 (2H, m) 
30 Mass : 334 (M+) 

Elemental analysis : C ig H,,N 2 04*l/4H 2 0 
Calcd. : C 67.35, H 4.31, N 8.27 
Found : C 67.59, H 4.20, N 8.13 

'35 

Example 6 

2-Methyi-4-(4-nitrophenyi)-6-phenyl-3-pyridinecarboxylic acid was obtained according to a similar man- 
ner to that of Example 5. 
40 mp : 260-263 °C 

IR (Nujol) : 1710, 1595, 1545, 1515, 1345 cm- 1 

NMR (DMSO-d 6l 5) : 2.65 (3H, s), 7.3-7.9 (6H, m), 8.05-8.5 (4H, m) 
Mass : 334 (M + ) 

45 

Example 7 

A mixture of methyl 4-methyl-2-(3-nitrophenyi)-6-phenyl-3-pyridinecarboxy!ate (4.08 g), aqueous sodium 
hydroxide (0.94 g in 10 mi water), dioxane (20 ml) and methanol (80 ml) was refluxed for 14 hours. After 

so allowing to cool to ambient temperature, the reaction mixture was poured into a mixture of water (150 mi) 
and chloroform (100 mi). The separated aqueous layer was adjusted to pH 2.9 with 10% aqueous 
hydrochloric acid. To this mixture was added acetic acid (15 mi) and stirred for 30 minutes under ice 
cooling. The resulting precipitates were collected by filtration, washed with water and dried in vacuo to give 
4-methyl-2-(3-nitrophenyI)-6-phenyi-3-pyridinecarboxylic acid (2.80 g). 

55 mp:i9H92°C 

IR (Nujol) : 1690, 1530 cnr 1 

NMR (DMSO-d 6 , 5) : 2.50 (3H, s), 7.4-7.6 (3H, m), 7.7-8.6 (7H, m) 
Mass : 334 (M+) 
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Elemental analysis : C, B H,*N 2 0« 
Calcd. : C 68.25, H 4.22, N 8.38 
Found : C 67.92, H 3.97, N 8.24 

5 

Example 8 

To a mixture of 2-methyl-4-(3-nitrophenyl)--6-phenyl-3-pyridinecarboxylic acid (1.98 g), methylene chlo- 
ride (20 ml) and N,N-dimethylformamide (4 ml) was added a solution of thionyl chloride (0.47 ml) in 

io methylene chloride (2 ml) at 7°C under ice cooling. After stirring for 2.5 hours at the same condition, a 
solution of 2-drmethylaminoethyiamine (1.3 g), in methylene chloride (20 ml) was added thereto and stirred 
for 2 hours at the same temperature. After adding water (150 ml) and methylene chloride (150 ml) thereto, 
the mixture was adjusted to pH 9.0 with 10% aqueous sodium hydroxide. The organic layer was separated, 
washed successively with water and saturated brine, dried over magnesium sulfate and evaporated in 

rs vacuo. The residue was subjected to a column chromatography on alumina (70 g) and eluted with 
chloroform. The fractions containing the object compound were combined and concentrated under reduced 
pressure. The residue was recrystailized from diethyl ether to give 3-{2-dimethyIaminoethyicarbamoyl)-2- 
methyi-4-(3-nitrophenyl)-6-phenylpyridine (0.88 g). 
mp : 143-145 °C 

20 IR (Nujol) : 3275, 1640 cm- 1 

NMR (CDCI 3> 5) : 2.01 (6H, s), 2.17 (2H, t, J = 6Hz), 2.73 (3 H, s), 3.27 (2H, td, J=6Hz, 6Hz), 6.27 (IH, br), 7.3- 

8.4 (10H, m) 

Mass : 404 (M + ) 

Elemental analysis : CaH^Os 

25 Calcd. : C 68.30, H 5.98, N 13.85 
Found : C 68.26, H 5.86, N 14.10 



Example 9 

30 

The following compounds were obtained according to a similar manner to that of Example 8. 

(1) 2-Methyl-3-(4-methyipiperazin-l-ylcarbonyl)-4-(3-nitrophenyl)-6-phenyipyridine 
mp : I69-172°C 

IR (Nujol) : 1628, 1535, 1350 cnr 1 
' 35 NMR (CDCI* 5) : 1.6-2.4 (4H, m), 2.17 (3H, s), 2.67 (3H, s), 2.8-3.2 (2H. m), 3.4-3.8 (2H, m), 7.2-8.5 (I0H, m) 
Mass : 416 (M + ) 

(2) 3-(2-Morphoiinoethylcarbamoyl)-2-methyl-4-(3-nitrophenyl)-6-phenylpyridine 
mp : I37-I39°C 

IR (Nujol) : 3180, 1620, 1560, 1520, 1355 cm- 1 
40 NMR (CDCi 3( 5) : 2.15-2.4 (6H t m), 2.74 (3H. s), 3.2-3.7 (6H, m). 6.16 (IH, br), 7.4-7.75 <5H, m), 7.8-8.1 (3H, 
m), 8.15-8.43 (2H, m) 
Mass : 446 (M-) 

(3) According to a similar manner to that of Example 8,2-methyI-4-(3-nitropheny!)~6-phenyl-3-[2-(4- 
thiomorphoiinyl)ethylcarbamoyl]pyridine was obtained and it was dissolved in a mixture of ethanol (20 ml) 

45 and fumaric acid (0.37 g) to give precipitates of fumarate thereof as crystal, 
mp : I82-I84°C (dec.) 
IR (Nujol) : 3300, 1665, 1590 crrr' 

NMR (DMSO-d 6i 5) : 2.19 (2H, t, J = 6Hz), 2.50 (8H, s), 2.56 (3H, s), 3.15 (2H, td, J = 6Hz, 6Hz), 6.57 (2H, s), 
7.0-8.5 (I3H, m) 
so Mass : 462 (M + of the free) 

(4) According to a similar manner to that of the above (3), 3-(2-dimethylaminoethylcarbamoyi)-2- 
methyI-4-(4-nitrophenyl)-6-phenylpyridine fumarate was obtained. 

mp : I85-I87°C 

IR (Nujol) : 3450, 1710, 1660, 1350 cm" 1 
55 NMR (DMSO-d Sl 5) : 2.23 (6H, s), 2.3-2.5 (2H, rn), 2.61 (3H t s), 3.25 (2H, q.iike, J = 6Hz), 6.56 (2H, s), 7.3-7,9 
(4H, m), 7.79 and 8.32 (total 4H, ABq, J = 8Hz), 8.0-8.2 (2H, m), 8.51 (IH, br) 
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Example 10 

To a mixture of 4-methyi-2-(3-nitrophenyj)-6-phenyI-3-pyridinecarboxyijc acid (1.4 g), methylene chloride 
(14 ml) and N^-dimethylformamide (2.8 ml) was added a solution of thionyi chloride (0.33 ml) in methylene 

5 chloride (3 ml) at 7°C under ice cooling. After stirring for 2 hours at the same condition, a solution of I- 
methylpiperazine (1.05 g) in methylene chloride (7 ml) was added thereto and the mixture was stirred for 2 
hours at the same temperature. After adding water (100 ml) and methylene chloride (50 ml) thereto, the 
mixture was adjusted to pH 8.5 with 10% aqueous sodium hydroxide. The organic layer was separated, 
washed successively with water and saturated brine, dried over magnesium sulfate and evaporated in 

w vacuo. The residue was recrystallized from a mixture of ethanol and diethyl ether to give 4-methyl-3-(4- 
methylpipera2in-i-yicarbonyl)-2-(3-nitrophenyi)-6-phenylpyridine (0.97 g). 
mp : I27-I29°C 
!R (Nujol) : 1625, 1520 cm- 1 

NMR (CDCI* 8) : 1.5-3.8 (8H, m), 2.15 (3H, s), 2.45 (3H, s), 7.35-7.7 (4H, m), 7.67 (IH, s), 7.9-8.35 (4H, m), 
75 8.65-8.80 (IH, m) 
Mass : 416 (M + ) 

Elemental analysis : C^Hm^Oi 
Calcd. : C 69.21, H 5.81, N 13.45 
Found : C 69.42, H 5.38, N 13.41 

20 

Example jj 

4-Methyl-3-(2-morpholinoethylcarbamoyl)-2-(3-nitrophenyl)-6-phenylpyridine was obtained according to 
25 a similar manner to that of Example 10. 
mp : 147-148° C 

IR (Nujol) : 3280, 1625, 1525 cnrr 1 

NMR (CDC! 3 , 5) : 2.1-2.4 (6H, m), 2.5! (3H, s), 3.2-3.7 (6H, m), 6.20 (IH, br), 7.35-7.70 (5H, m), 7.90-8.35 (4H, 
m), 8.65-8.80 (IH, m) 
30 Mass : 446 (M*) 

Elemental analysis : CzsHafiN^ 
Calcd. : C 67.25, H 5.87, N 12.55 
Found : C 67.23, H 5.82, N 12.52 

35 . 

Example 12 

A mixture of ethyl 4-(3-nitrophenyi)-6-phenyi-3-pyridazinecarboxylate (1.0 g) and 2- 
dimethylaminoethylamine (0.75 g) was heated for 30 minutes at 90 °C with stirring. After allowing to cool at 
40 ambient temperature, the resulting precipitates were collected by filtration, recrystallized from diethyl ether 
to give 3-(2-dimethylaminoethyicarbamoyl)-4-(3-nitrophenyi)-6-phenylpyridazine (1.04 g). 
mp : I57-I58°C 

IR (Nujol) : 1658, 1590, 1535 crrr' 

NMR (CDCI* 5) : 2.28 (6H, s), 2.53 (2H, t J = 6Hz), 3.50 (2H, t d, J = 6Hz, 6Hz), 7.35-7.75 (5H, m), 7.81 (IH, 
45 s), 7.95-8.40 (4H, m), 8.45 (IH, t, J = 6Hz) 
Mass : 391 (M + ) 



Example 13 

50 

The following compounds were obtained according to a similar manner to that of Example 12. 
(I) 3-(2-Morphoiinoethylcarbamoyl)-4-(3-nitrophenyt)-6-phenylpyridazine 
mp : 134-135 °C 

IR (Nujol) : 3280, 1640, 1535 cm- 1 
55 NMR (CDCIa. 5) : 2.35-2.65 (4H, m), 2.60 (2H, t, J = 6Hz), 3.53 (2H, t d, J = 6Hz, 8Hz), 3.6-3.85 (4H, m), 7.4- 
7.75 (5H, m), 7.81 (IH, s), 8.0-8.4 (4H, m), 8.43 (IH, t, J =6Hz) 
Mass: 433 (M*) 
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Elemental analysis : C^H^O* 
Calcd. : C 63.73, H 5.35, N 16.16 
Found : C 63.54, H 5.21, N 16.08 

(2) 3-(4-Methylpiperazin-l-ylcarbonyi)-4*(3-nitrophenyi)-6-phenyipyrida2ine 
5 mp : 180-181 °C 

IR (Nujoi) : 1635, 1545, 1353 cm- 1 

NMR (CDC! 3 , 5). : 2.33 (3H, s),*2.40 (2H, t, J = 5.5Hz), 2.46 (2H, t, J = 5.5Hz), 3.50 (2H, t, J = 5.5Hz), 3.80 (2H, 
t, J = 5.5Hz), 7.4-7.65 (3H, m), 7.76 (IH, dd, J = 9Hz, 9Hz), 7.87 (IH, ddd, J = 9Hz, 2Hz, 2Hz), 7.91 (IH, s), 8.0- 
8.2 (2H, m), 8.31 (IH, ddd, J*=9Hz, 2Hz, 2Hz), 8.35 (IH, dd, J = 2Hz, 2Hz) 
10 Mass : 403 (M + ) 

Elemental analysis : C»H»N 5 03 
Calcd. : C 65.50, H 5.25, N 17.36 
Found : C 65.76, H 5.I5, N 17.06 

ts 

Example ]4 

To a solution of ethyl 4-(3-nitrophenyl)-6-phenyl-3-pyridazinecarboxylate (I g) in methylene chloride (10 

ml) was added ammonia-methanol solution (60 ml) which was prepared by bubbling an ammonia gas (14 g) 
20 into methanol (120 ml), and the mixture was stirred for 24 hours at ambient temperature. After evaporating 

the solvent, the residue was recrystallized frdm methanol to give 4-{3-nitrophenyi)-6-phenyi-3-pyridazinecar- 

boxamide (0.78 g). 

mp : 115-117° C (dec.) 

IR (Nujol) : 3160, 1670 crrr 1 
25 NMR (CDCI 3 . 5} ; 7.5-8.5 (9H, m), 7.85 (IH, s) 

Elemental analysis : C^H I2 N«0 3 

Galcd. : C 63.74, H 3.78, N 17.49 

Found : C 63.58, H 3.73, N 17.40 

30 

Example 15 

A mixture of 2-methyl-4-(3-nitrophenyi)-6-phenyl-3-pyridinecarboxylic acid (5 g), triethyiamine (1.5 g) and 
diphenyiphosphorylazide (4.1 g) in benzene (50 ml) was refluxed for 2 hours. To the reaction mixture was 

35 added 2-dimethyiaminoethyiamine (f.6g) and the mixture was further refluxed for 2 hours. After allowing to 
cool at ambient temperature, the reaction mixture was poured into a mixture of ethyl acetate (100 ml) and 
water (100 ml). The reaction mixture was adjusted to pH 2:0 with 10% hydrochloric acid. The aqueous layer 
was separated, washed with methylene chloride (100 ml) and adjusted to pH 9.0 with 10% aqueous sodium 
hydroxide. The resulting precipitates were collected by filtration, washed with water and dried In vacuo to 

40 give 3-[3-(2-dlmethylaminoethyl)ureido]-2-methyl-4-(3-nitrophenyl)-6-phenyipyridine (1.87 g). 
mp : I59-I61°C 

IR (Nujoi) : 3300, 1628, 1535 cm- 1 

NMR (CDCl 3 , 5) : 2,10 (6H, s), 2.30 (2H, t, J = 6Hz), 2.58 (3H, s), 3.13 (2H f t d, J=6Hz, 5Hz), 5.60 (IH, t, 
J=5Hz), 7.2-8.4 (IIH, m) 
45 Mass : 419 <M + ), 331 ' 



Example 16 

so To a suspension of lithium aluminum hydride (0.32 g) in a mixture of dry tetrahydrofuran (4 ml) and 
diethyl ether (8 mi) was dropwise added a solution of . ethyl 2-methyl-4-(3-nitrophenyl)-6-phenyi-3- 
pyridinecarboxylate (I g) in dry tetrahydrofuran (4 ml) at -20 °C to -10 °C. The excess lithium aluminum 
hydride . was decomposed by a careful addition to ice water. Ethyl acetate (25 mi) was added thereto and 
the separated organic layer was washed with 10% sulfuric acid (15 ml), saturated aqueous sodium 

55 bicarbonate and aqueous sodium chloride successively and concentrated in vacuo. The residue was 
subjected to a column chromatography on silica gel eluting with chloroform. The fractions containing the 
desired compound were combined and evaporated in vacuo. The residue was crystallized from diethyl ether 
to give 3-hydroxymethyl-2-methyi-4-(3-nitrophenyl)-6-phenylpyridine (0.27 g). 
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mp : 209-214° C 

IR (Nujol) : 3200, 1720, 1590, 1520, 1350 cm- 1 

NMR (CDCi 3 + DMS0-d 6 , 5) : 2.81 (3H, s), 4.45 (2H, d, J = 5Hz), 4.84 (IH, t, J = 5Hz), 7.2-8.5 (I0H, m) 

5 

Example 17 

To a solution of ethyl 4-(3«nitrophenyI)-6-phenyi-3-pyridazinecarboxylate (I g) in a mixture of ethanoi (10 
ml) and tetrahydrofuran (10 ml) was added sodium borohydride (0.22 g) and the mixture was stirred for 3 

10 hours at ambient temperature. Then the reaction mixture was poured into a mixture of ethyl acetate (I00 
mi) and water (50 ml). The organic layer was washed with saturated aqueous sodium chloride, dried over 
magnesium sulfate and evaporated in vacuo. The residue was subjected to a column chromatography on 
siiica gel (50 g) and eluted with a mixture of benzene and. ethyl acetate (5:l V/V). The fractions containing 
the desired compound were combined and concentrated under reduced pressure. The residue was 

75 recrystallized from a mixture of ethanoi and chloroform to give 3-hydroxymethyl-4-(3-nitrophenyI)-6-phenyl- 
pyridazine (0.19 g). 
mp : 162-164° C 

IR (Nujoi) : 3300, I525, I360 cm" 1 

NMR (DMS0-d 6 , 5) : 4.75 (2H, d, J = 6Hz), 5.60 (IH, t, J = 6Hz), 7.35-7.60 <3H, m), 7.76 (IH, dd, J = 8Hz, 
20 8Hz) f 8.0-8.4 (4H, m), 8.18 (IH, s), 8.58 (IH, dd, J = 2Hz, 2Hz) 
Elemental analysis : C, 7 H I3 N 3 0 3 
Calcd. : C 66.44, H 4.26, N 13.68 
Found : C 66.46, H 4.11, N 13.80 

25 

Example 18 

To a solution of phosphorus tribromide (0.93 g) in tetrahydrofuran (10 ml) was dropwise added a 
suspension of 3-hydroxymethyi-2-methyl-4-(3-nitrophenyl)-6-phenylpyridine (1.65 g) in tetrahydrofuran (10 

30 ml) at 5-10 °C. After stirring for 1.5 hours at the same temperature, the reaction mixture was poured into ice- 
water (20 ml), adjusted to pH 9.5 with saturated aqueous potassium carbonate and extracted with ethyl 
acetate (40 ml). The organic layer was washed with saturated aqueous sodium chloride, dried over 
magnesium sulfate and evaporated in vacuo. The residue was subjected to a column chromatography on 
siiica gel eiuting with chloroform. The fractions containing the desired compound were combined and 

35 evaporated in vacuo to give 3-bromomethyl-2-methyl-4-(3-nitrophenyl)-6-phenylpyridine (0.49 g). 
mp : I55-I57°C 

IR (Nujol) : 1580, 1570, 1520, 1345 crrr 1 

•NMR (CDCI 3 , 5) : 2.82 (3H, s), 4.38 (2H, s), 7.2-8.5 (I0H, m) 

40 

Example 19 

A solution of 3-hydroxymethyl-4-(3-nitrophenyl)-6-phenylpyridazine (0.86 g) in tetrahydrofuran (5 ml) 
was dropwise added to a solution of phosphorus tribromide (0.18 ml) in a mixture of tetrahydrofuran (10 mi) 

45 and benzene (5 mi) underjce cooling. After stirring for 4 hours at the same temperature, the reaction 
mixture was poured into ice-water (50 ml) adjusted to pH 9 with saturated aqueous potassium carbonate 
and extracted with ethyl acetate (50 ml). The separated organic layer was washed with saturated aqueous 
sodium chloride, dried over magnesium sulfate and evaporated in vacuo. The residue was subjected to a 
column chromatography on silica gel (50 g) and eluted with a mixture of chloroform and acetone (5:1 V/V). 

so The fractions containing the desired compound were combined and concentrated under reduced pressure. 
The residue was recrystallized from diethyl ether to give 3-bromomethyi-4-(3-nitrophenyiK-phenyl- 
pyridazine (0.73 g). 
mp : I39-140°C (dec.) 
IR (Nujol) : 1520, 1355 crrr 1 

55 NMR (CDCI 3 , 5) : 4.77 (2H, s), 7.77 (IH, s), 7.4-8.6 (9H, m) 
Mass : 368, 370 (M-I) 
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Elemental analysis : CH^BrN^Oj 
Calcd. : C 55.16, H 3.27, N 11.35 
Found : C 54.87, H 2.90, N 11.17 



Example 20 

A mixture of 3-bromomethyl-2-methyh4-<3-nitrophenyl)-6-phenylpyridine {0.45 g), l-methylpiperazine - 
(0.26 g) in isopropyl alcohol (4.5 ml) was refluxed for I hour. The reaction mixture was poured into ice-water 
10 (50 ml) and extracted with chloroform (60 ml). The organic layer was washed with saturated aqueous 
sodium chloride, dried over magnesium sulfate and evaporated in vacuo. The residue and hydrochloric acid 
(0.3 ml) were dissolved in ethanoi (3 mi). The resulting crystal was collected by filtration and dried in vacuo 
to give 2-methyl-3-(4-methylpipera2in-hylmethylH-(3-nitrophenyi)-6-phenylpyridine dihydrochloride (0.55 
9). 

75 mp : 250°C (dec.) 

IR (Nujol) : I580, 1520, I350 cnr 1 

NMR <D 2 0, 5) : 2.I-3.65 <8H, m), 2.84 (3H, s), 2.99 (3H, s), 3.77 (2H, s), 7.5-8.0 (8H, m), 8.3-8.53 (2H, m) 
Mass : 402 (M + ) 

Elemental analysis : C^H^N^C!^ J.5 H 2 0 
20 Calcd. : C 57.37, H 6.22, N IU5, CI I4.ll 
Found : C 57.20, H 6.20, N II.05, CI 14.49 



Example 21 

25 

A mixture of 3-bromomethyi-4-(3-nitrophenyl)*6-phenylpyridazine (0.6 g), l-methyipiperazine (0.36 g) in 
isopropyl alcohol (6 mi) was refluxed for 30 minutes. After evaporating the solvent, the residue was 
dissolved in methylene chloride (50 ml), washed with saturated aqueous sodium chloride and dried over 
magnesium sulfate. The solvent was evaporated under reduced pressure, and the residue was subjected to 

30 a column chromatography on silica gel (50 g) and eiuted with a mixture of chloroform and methanol (20:l 
V/V). The fractions containing the desired compound were combined and concentrated under reduced 
pressure. The residue was recrystallized from ethanoi- to give 3-(4-methyipiperazin-l-ylmethyl)-4~(3- 
nitrophenyl)-6-phenyipyridazine (0.32 g). 
mp ; I57-!59°C 

35 IR (Nujol) : I520, I355 cm" 1 

NMR (CDCI 3 , 5) : 2.27 (3H, s), 2.2-2.8 (8H, m) 3.76 (2H, s), 7.4-8.5 (8H, m), 7.80 (IH, s), 8.8-9.0 (IH, m) 

Mass : 389 <M + ) 

Elemental analysis iC^H^N-A 

Calcd. : C 67.85, H 5.95, N 17.98 

40 Found : C 67.98, H 5.67, N 17.92 



Example 22 

45 A mixture of ethyl 2-methyl-4-(3-nitrophenyi)-6-phenyl-3-pyridinecarboxyiate (5 g), N-bromosuccinimide 
(5.9 g) and benzoyl peroxide (0.J g) in carbon tetrachloride (200 ml) was refluxed for 5 hours. The reaction 
mixture was poured into ice water (100 ml). The separated organic layer was washed with saturated aqueous 
sodium hydrogen carbonate and saturated aqueous sodium chloride successively, dried over magnesium 
sulfate and evaporated in vacuo. The residue was subjected to a column chromatography on silica gel 

so eluting with a mixture of n-hexane and chloroform (1:2 VA/). The fractions containing the desired compound 
were combined and evaporated in vacuo to give ethyl 2-bromomethyl-4-(3-nitrophenyl)-6-phenyI-3- 
pyridinecarboxylate (2 g). 
mp : 125-I28°C 

IR (Nujol) : 1710, 1590, 1570, 1520, 1350 cm-' 
. 55 NMR (DMSO-d*. S) : 1.0 (3H, t, J = 7Hz), 4.16 (2H, q, J = 8Hz), 4.88 (2H, s), 7.4-8.6 (I0H, m) 



29 



0 228 845 



Example 23 



A mixture of ethyl 2~bromomethyl-4-(3-nitrophenyl)-6-phenyl-3-pyrici!necarboxyiate (1.5 g) and 2- 
dimethyiaminoethylamine (0.6 g) in isopropyi alcohol (15 ml) was refluxed for ! hour. The reaction mixture 
was evaporated in vacuo and the residue was dissolved in a mixture of water (20 ml) and chloroform (40 
ml). The organic layer was washed with water and dried over magnesium sulfate. The solvent was distilled 
off. The residue was subjected to a column chromatography on silica gel, eluting with a mixture of 
chloroform and methanol (50:1 V/V). The fractions containing the desired compound were combined and 
evaporated in vacuo. The crystalline residue was recrystallized from ethanol to give 6-(2- 
dimethylaminoethyl)-4-(3-nitrophenylh5-oxo-2-phenyl"57-dihydro-(6H)-pyrrolo[3 f 4-b]pyhdine (0.49 g). 
mp : 179-181 °C 

IR (Nujoi) : 1675, 1585, 1565, 1525, 1345 cm- 1 

NMR (CDCI 3 + DMSO-d 6 , 5) : 2.29 (6H t s), 2.6 (2H, t, J = 6Hz), 3.73 (2H, t, J=6Hz), 4.64 (2H, s), 7.3-7.78 - 
(5H, m), 7.9-8.35 (4H, m), 8.4-8.58 (IH, m) 
Mass : 402 (M + ) 

Elemental analysis : CaHjaNiOa^lMHaO 
Caicd. : C 67.88, H 5.57, N 13.77 
Found : C 67.82, H 5.4I, N 13.77 



wherein R 1 is lower alkyi optionally substituted with hydroxy, halogen or. a heterocyclic group, carboxy, 
esterified carboxy, carbamoyl optionally substituted with heterocyclic(lower)alkyl or lower alkylamino(iower)- 
aikyl, N-containing heterocycliccarbonyl optionally substituted with lower alkyi, or ureido optionally substi- 
tuted with lower alkylamino(lower)alkyl, and 
R 3 is hydrogen or halogen; 
R 2 is phenyl substituted with nitro, and X is = N-or 



in which R 4 is lower alkyi or halo(lower)alkyi, or is taken together with R 1 to form an N-containing 
heterocyclic group optionally substituted with oxo and lower alkylamino(lower)aikyl; or 
R 2 is lower alkyi, and 
Xis 



Claims 



I. An N-containing heterocyclic compound of the formula : 




2 





in which R* is phenyl substituted with nitro; 
and a pharmaceutical^ acceptable salt thereof. 
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2. A compound of claim I, wherein R 1 is hydroxy(lower)aikyl, haIo(iower)alkyl, heterocyclic(!ower)alkyl, 
carboxy, lower aikoxycarbonyl, carbamoyl, carbamoyl substituted with heterocyciic(lower)aikyl, carbamoyl 
substituted with lower alkyiamino(lower)alkyl, N-containing heterocycliccarbonyl substituted with lower aikyi, 
or ureido substituted with lower aikylamino(lower)alkyi; 
R a is phenyl substituted with nitro, and 

R 4 is lower aikyl or halo(lower)alkyl, or is taken together with R 1 to form a group of the formula: 




in which R 11 is lower aiky!amino(lower)aikyl; or 

R 2 is lower aikyl, and 

R* is phenyl substituted with nitro. 

3. A compound of claim 2, which is represented by the formula : 




4. A compound of claim 2, which is represented by the formula: 




5. A compound of claim 2, which is represented by the formula : 




6. A process for preparing an N-containing heterocyclic compound of the formula : 
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5 




io wherein R 1 is lower aikyi optionally substituted with . hydroxy, halogen or a heterocyclic group, carboxy, 
esterified carboxy, carbamoyl optionally substituted with heterocycIic(lower)aikyi or lower alkyiarnino(iower)- 
alkyi, N-containing heterocycliccarbonyl optionally substituted with lower alkyi, or ureido optionally substi- 
tuted with lower aikylamino(lower)alkyi t and 
R 3 Is hydrogen or halogen; 

15 R 2 is phenyl substituted with nitro, and 
Xis = N-or 



in which R* is lower alkyl or haio(lower)alkyi, or is taken together with R' to form an N-containing 
heterocyclic group optionally substituted with oxo and lower alkylamino(lower)alkyi; or 
R 2 is lower aikyi, and 
Xis 




/ 



in which R 4 is phenyl substituted with nitro; or its salt, which comprises 
a) oxidizing a compound of the formula: 



40 




wherein R\ R 2 , R 3 and X are each as defined above, or its salt to give a compound of the formula: 



20 





■2 



50 



55 wherein R\ R 2 , R 3 and X are each as defined above, or its salt, or 
b) reacting a compound of the formula: 
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-CH-CH-CO ~\ // 



wherein R J and R 3 are each as defined above, with a compound of the formula: 



10 



4 1 
R -<j!=CH-R X 

m 2 



wherein R 1 and R 4 are each as defined above, or its salt to give a compound of the formula: 



7S 



20 




wherein R\ R a , R 3 and R* are each as defined above, or its salt, or 
25 c) subjecting a compound of the formula : 



30 




35 



wherein R a, is esterified carboxy, 
X' is = N-or 



40 



45 in which R ^ is lower alkyi, halo (lower) alkyl or phenyl substituted with nitro, and 

R a and R 3 are each as defined above, or its salt to deesterification reaction to give a compound of the 
formula: 



50 



HOOC 



55 




wherein R 2 , R 3 and X' are each as defined above, 
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or its salt; or 

d) reacting a compound of the formula : 



HOOC 



w 




wherein R 2 , R 3 and X' are each as defined above, or its reactive derivative at the carboxy group or a salt 
thereof with a compound of the formula: 



75 



R" 



\ 



20 



.6/ 



NH 



wherein R 5 and R 6 are each hydrogen, lower alkylamino(lower)alkyl or a heterocyclic(lower)alkyl, or R s and 
R 6 are taken together with the nitrogen atom to which they attach to form an N-containing heterocyclic 
2 5 group which may be substituted with lower alkyi, or its salt to give a compound of the formula: 



30 




35 

wherein R 2 , R 3 , R 5 , R 6 and X' are each as defined above, or its salt, or 
e) subjecting a compound of the formula : 



40 



45 




wherein R 2 ," R 3 and X' are each as defined above, or its salt to azidation reaction and then reacting the 
resultant product with a compound of the formula: 

so 




wherein R 7 and R 8 are each hydrogen or lower alkylamino(lower)alkyl, or its salt to give a compound of the 
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formula: 



10 




wherein R £ *s ureido optionally substituted with lower alkyiamino(lower)alkyl, and 
R 3 , R 3 and X' are each as defined above, or its salt, or 
f) reducing a compound of the formula: 



75 



20 




25 wherein R £ is carboxy or esterified carboxy, and 
R 3 , R 3 and X' are each as defined above, 
or its salt to give a compound of the formuia: 



3a 



HOCH. 



35 




AO 



wherein R 3 , R 3 and X' are each as defined above, or its salt, or 
g) halogenating a compound of the formula: 



HO- 




50 wherein A is lower alkylene, and 

R 2 , R 3 and X' are each as defined above, or its salt to give a compound of the formula: 



55 
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5 




wherein Q is halogen, and 

R 2 , R 3 , A and X' are each as defined above, or its salt, or 
10 h) reacting a compound of the formula: 



75 




20 

wherein Y is a leaving group, and 

R 2 , R 3 , A and X' are each as defined above, or its salt with a compound of the formula: 

NH 

30 

wherein R 9 and R 10 are taken together with the nitrogen atom to which they attach to form a heterocyclic 
group, or its salt to give a compound of the formula: 



35 



40 




wherein R 2 , R 3 , R 9 , R 10 , A and X' are each as defined above, or its salt, or 
i) haiogenating a compound of the formula: 

46 



50 




55 

wherein R a is lower alkyl optionally substituted with hydroxy, halogen or a heterocyclic group, carboxy, 
esterified carboxy, carbamoyl optionally substituted with heterocyclic(lower)alkyl or lower alkylamino(iower)- 
alkyl, N-containing heterocyciiccarbonyi optionally substituted with lower alkyl, or ureido optionally substi- 
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tuted with lower alkyiamino(Iower) aikyl, 
R «*• is phenyl substituted with nitro, 
R a. is lower alkyi, and 
R 3 is as defined above, 
5 or its salt to give a compound of the formula: 



70 




15 

wherein R 3 , rJl , R £ , A and Q are each as defined above, or its salt, or 
}) reacting a compound of the formula: 



20 



25 




» 2 

wherein R 3 , R^ , R a- and Y are each as defined above, or its salt with a compound of the formula: 

30 

R ,1 -NH 2 

wherein R n is lower alkyiamino(iower)afkyl, or its salt to give a compound of the formula: 

35 



40 




wherein R", R a. and R 3 are each as defined above, or its salt. 
7. A compound of the formula: 



50 




wherein R 1 is lower alkyi optionally substituted with hydroxy, halogen or a heterocyclic group, carboxy, 
esterified carboxy, carbamoyl optionally substituted with heterocyciic(lower)alkyl or lower alkylamino(lower)- 
alkyl, N-containing heterocyciiccarbonyl optionally substituted with lower aikyl, or ureido optionally substi- 
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tuted with lower alkyiamino(lower)alkyl, and 

R 3 is hydrogen or halogen; 

R 2 is phenyl substituted with nitro, and 

R 4 is lower aikyl or haio(lower)alkyl, or is taken together with R* to form an N-containing heterocyclic group 
5 optionally substituted with oxo and lower aikyiamino(lower)aikyl; or 
R 2 is lower alkyl, and 
R 4 is phenyl substituted with nitro; 
and its salt. 

8 r A pharmaceutical composition comprising a compound of claim !, as an active ingredient, in 
10 association with a pharmaceutical^ acceptable, substantially nontoxic "carrier or excipient. 

9. A method for the therapeutic treatment of hypertension, cardiovascular or cerebrovascular disease 
which comprises administering a compound of claim I in human beings or animals. 

10. A compound of claim I for use as a medicament. 
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